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RESUMEN
En este estudio, se investiga la presencia, las transfor-
maciones y la eliminación de contaminantes orgánicos 
persistentes (COPs) durante los procesos de tratamiento 
convencionales en una planta de tratamiento de aguas re-
siduales (WWTP) de la ciudad de 10th of Ramadan, Egip-
to. Los COPs estudiados son doce bifenilos policlorados 
(PCBs), diecinueve pesticidas organoclorados (OCPs) i 
dieciocho hidrocarburos poliaromáticos (PAHs), que se 
analizan en tres puntos a lo largo de la WWTP (crudo, 
efluente de la sedimentación primaria y efluente final). Los 
PCBs, OCPs y PAHs son contaminantes orgánicos persis-
tentes presentes en las aguas residuales analizadas. Los 
PCBs se detectan en concentraciones más altas en las 
muestras iniciales dados sus usos en la industria. El DDT 
y sus metabolitos se encuentran a diferentes frecuencias y 
concentraciones. Los porcentajes de eliminación a lo lar-
go del proceso de tratamiento completo de los diversos 
COPs oscilan entre el 31% y el 98%.
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SUMMARY
The occurrence, the fate and the removal of persistent or-
ganic pollutants (POPs) during the conventional treatment 
processes were assessed and investigated in wastewater 
treatment plant (WWTP) of 10th of Ramadan city in this 
study. The POPs of interest were twelve Polychlorinated 
biphenyls (PCBs), nineteen Organochlorine pesticides 
(OCPs), and eighteen Polyaromatic hydrocarbons (PAHs) 
which were measured at three sites along WWTP (Raw, 
Primary sedimentation effluent, final effluent). PCBs, OCPs 
and PAHs were represented persistent organic pollutants 
(POPs) in environment. PCBs were detected in higher con-
centration in raw samples due to their uses in industry. DDT 
and its metabolites were found in different frequencies and 
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RESUM
En aquest estudi, s’investiga la presència, les transforma-
cions i l’eliminació de contaminants orgànics persistents 
(COPs) durant els processos de tractament convencionals 
en una planta de tractament d’aigües residuals (WWTP) 
de la ciutat de 10th of Ramadan, Egipte. Els COPs estudi-
ats són dotze bifenils policlorats (PCBs), dinou pesticides 
organoclorats (OCPs) i divuit hidrocarburs poliaromàtics 
(PAHs), que s’analitzen en tres punts al llarg de la WWTP 
(cru, efluent de la sedimentació primària i efluent final). 
Els PCBs, OCPs i PAHs són contaminants orgànics per-
sistents presents a les aigües residuals analitzades. Els 
PCBs es detecten en concentracions més altes en les 
mostres inicials donats els seus usos a la indústria. El DDT 
i els seus metabòlits es troben amb diferents freqüències 
i concentracions. Els percentatges d’eliminació al llarg del 
procés de tractament complet dels diversos COPs oscil-
len entre el 31% i el 98%.
Mots clau: WWTP, PCBs, OCPs, PAHs, COPs  
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1. INTRODUCTION
The explosive growing of the Egyptian industry during the 
last decades has originated a considerable increase in 
wastewaters complexity and variability, these wastewaters 
contain a large amount of toxic persistent components 
either organic one or heavy metals. It originate from poly-
mers and resins, pesticides, paints, oil and petrochemical, 
textile and pharmaceutical industries and it combines with 
sewerage system. High organic loads and toxicity charac-
terize wastewaters from these industries. Many of present 
organic compounds are toxic even at very low concen-
trations with the accumulative effects over the biological 
treatment system and aquatic organisms.
Environmental occurrence of Persistent Organic Pollutants 
(POPs) are a global rather than a regional problem, becau-
se chlorinated pesticides used in tropical regions will be 
carried by long-range atmospheric transport and ultima-
tely end up in polar and environmentally pristine regions, 
and certainly have some impact on ecosystem. In 2001, 
the Stockholm Convention on POPs has acknowledged 
POPs as a global problem. Polychlorinated biphenyls be-
long to POPs group of chemicals primarily used in trans-
formers, capacitors, paints and printing inks, and also 
in many other industrial applications. They are amongst 
the industrial chemicals banned and included in the list 
of priority contaminants to be monitored regularly in the 
western countries [1]. They have been reported to cause 
variety of effects including immunologic, teratogenic, car-
cinogenic, reproductive and neurological problems in or-
ganisms [2]. Addition, some congeners have shown some 
effects on the endocrine system such as reducing serum 
concentrations of the thyroid hormones like thyroxine and 
triiodothyronine [3].
Effluents from the three largest Wastewater Treatment 
Plants (WWTPs) in Sweden were analyzed for the presen-
ce of organic pollutants by using GC/MS. One hundred 
thirty seven compounds were identified; ten of them were 
priority pollutants. A broad spectrum of non-regulated or-
ganic pollutants found in the effluents included aromatic 
hydrocarbons, food and household related compounds, 
solvents, plasticizers flame retardants, preservatives, an-
tioxidants, washing and cleaning related compounds. The 
concentration of individual compound in effluents of all 
WWTPs was in the range of 0.5-50 µg/l. The majority of 
pollutants detected in the effluents were attributed to the 
over all usage and discharge of chemical products in mo-
dern society [4].
Pham and Suzie Proulx [5] collected samples of raw 
and treated wastewater at the Montreal Urban Commu-
nity (Canada) sewage treatment plant between July and 
October 1993 and analysed for PCBs and PAHs. Water 
samples were also collected in the effluent plume in the 
St Lawrence River during the same period. The average 
concentrations of 13 PCBs in raw wastewater and treated 
wastewater were 4.3 and 1.4 ng/l, respectively. For PAHs, 
Average concentrations in raw wastewater and treated 
wastewater were 1.5 and 0.4 μg/I, respectively. The remo-
val rates for PCBs congeners and individual PAHs ranged 
from 33 to l00. Levels of PCBs and PAHs increased signi-
ficantly at the effluent outfall in the river compared to tho-
se measured at the upstream site. In the effluent plume, 
concentrations of PCBs and PAHs reached background 
levels at approximately 13 and 6 km downstream from the 
effluent outfall, respectively.
POPs can be derived as a component of urban or agri-
cultural runoff or drainage into the sewerage system, in-
cluding wet and dry deposition from the atmosphere [6], 
and via the contribution of industrial discharges. The fate 
of these xenobiotic organic compounds in WWTPs will 
be governed both by their physico-chemical properties 
and the process design and operating conditions at the 
treatment system [7]. WWTPs are widely recognized as an 
important source of toxic contaminants to the aquatic en-
vironment [9] and therefore, the need of controlling their 
effluents is essential.
2. MATERIALS AND METHODS
2.1. Area description
10th of Ramadan city is one of the earliest new industrial 
cities in 1970s to getting out from the old narrow valley. It 
is located 55 km far from Cairo and 65 km from Isamalia. 
Its area is about 398 km2.The city industries include steel 
production, textile, paints, electrical, ceramics, chemical, 
paper, printing, metallic, pesticides packing and food. 
2.2. Wastewater treatment plant WWTP description 
The wastewater treatment plant WWTP of 10th of Ramadan 
city received about 56,000 – 60,000 metric tonnes of raw 
wastewater daily. The wastewater is combined wastewater 
(sewage and 70 – 80 % industrial wastewater). Was-
tewater is treated via mechanical treatment (Screening, 
grift removal and primary sedimentation) and followed by 
biological treatment (Aerated Oxidation Pond and secon-
dary sedimentation). The treated effluent is discharged in 
nearby ponds for cultivation of green area around the city. 
The sludge produced from primary sedimentation is anae-
robically digested and dewatered and finally deposited in 
basins.
Fig (1) Diagram of Wastewater treat-
ment plant of 10th of Ramadan city 
2.3. Sampling
Sampling was conducted during January 2005 till January 
2006. Composite sample of wastewater were collected 
from three points along the treatment processes, namely 
the influent of WWTP (Raw sample, RW), the primary sedi-
mentation tank effluent (PSE) and the effluent of secondary 
sedimentation tank (final effluent, FE).  All samples were 
collected in brown glass vessels with caps pre-cleaned 
with distilled water and acetone and n-hexane. Wastewater 
samples were kept refrigerated at 4 ºC until extraction.
2.4. Materials Used
Aluminum oxide (Alumina) and Silica gel were activated 
.They are deactivated with 5 % distilled water (that has 
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been previously extracted with n-hexane) prior to use 
for column chromatography. Sodium Sulfate anhydrous 
(Fluka). Dichloromethane and n-hexane (Merck) for chro-
matography is supplied by Merck Co. Ltd. Poly aromatic 
hydrocarbon standard, poly chlorinated biphenyls stan-
dard and organochlorine pesticides standard are supplied 
from Supelco. Inc.
2.5. Analytical Measurements
For hydrocarbon analysis, 1-L of wastewater sample were 
liquid-liquid extracted using Dichloromethane and then the 
extracts were fractionated and cleaned up through 20 cm 
chromatographic column which filling with 12 cm of alumi-
na over 6 cm of silica gel and 2 cm of anhydrous Na2SO4 on 
the top and The aliphatic fraction was eluted first with 40 
ml of n-hexane, then the aromatic fraction  was eluted next 
with 20 ml of 10% dichloromethane in hexane followed 
by 20 ml of 20% dichloromethane in hexane. The collec-
ted fractions were concentrated to 1 ml prior to quantified 
by GC-FID coupled with capillary column HP-1A ultra1 
methyl Siloxane (30m x 0.2 mm ID, 0.33 um film thickness) 
Table [1] PAHs concentrations along the treatment process in 10th of Ramadan WWTP (µg/l)
Compound
Raw PSE FE
Max Min Mean ± SD Max Min Mean ± SD Max Min Mean ± SD
Naphthalene 348.09 25.77 143.6 ± 124.63 310.77 13.83 88.83 ± 124.9 41.07 5.2 19.78 ± 15.1
1-methylnaphtlalene 53.17 N.D 21.03 ± 21.64 20.13 N.D 9.44 ± 8.1 5.68 N.D 2.07 ± 2.31
2-methylnaphtlalene 33.35 2 21.03 ± 12.04 30.54 1.23 9.83 ± 11.84 2.53 N.D 1.13 ± 1.13
Acenaphthylene 30.87 4.46 11.43 ± 10.96 8.61 2.91 5.35 ± 2.8 7.34 N.D 3.4 ± 2.7
Acenaphthene 27.62 2.03 12.48 ± 9.7 15.43 1.08 7.84 ± 5.14 6.61 N.D 3.07 ± 2.7
Fluorene 23.41 13.16 17.76 ± 3.91 11.72 5.57 8.73 ± 2.84 9.65 N.D 5.1 ± 3.52
Anthracene 17.22 3.65 8.85 ± 5.3 4.1 2.06 2.83 ± 0.84 3.99 N.D 1.35 ± 1.53
Phenanthrene 17.87 N.D 10.69 ± 7.5 4.64 N.D 2.39 ± 2.12 0.59 N.D 0.24 ± 0.32
Fluoranthene 3415.74 N.D 2074.55 ± 1312.3 1013.15 N.D 642.49 ± 415 644.17 N.D 329.82 ± 277.7
Pyrene 100.18 3.07 47.88 ± 39.3 79.79 N.D 24.12 ± 32.53 6.47 N.D 3.31 ± 2.92
Benzo (a) 
anthracene 112.03 N.D 28.62 ± 47.32 87.05 N.D 17.77 ± 38.73 32.85 N.D 6.57 ± 14.7
Chrysene 14.06 N.D 6.88 ± 31.9 9.25 N.D 2.34 ± 2.6 5.34 N.D 1.07 ± 1.54
Benzo(b)fluranthene 8.95 N.D 2.94 ± 31.21 6.54 N.D 1.61 ± 24.84 4.66 N.D 0.93 ± 2.26
Benzo(k)fluranthene N.D N.D N.D N.D N.D N.D N.D N.D N.D
Benzo(a) pyrene N.D N.D N.D N.D N.D N.D N.D N.D N.D
Dibenzo(a.h)
anthracene N.D N.D N.D N.D N.D N.D N.D N.D N.D
Indeno(1.2.3-
cd)pyrene N.D N.D N.D N.D N.D N.D N.D N.D N.D
Benzo (ghi)perylene N.D N.D N.D N.D N.D N.D N.D N.D N.D
∑PAHs 6813.6 54.14 2800.44 ± 2843 1441.8 34.79 671.73 ± 612 677.47 17.66 332.82 ±322.4
Results presented as Mean ± SD and confidence intervals and calculated for 10 samples
GC-FID was calibrated with PAHs standard contained 18 
compounds (Naphthalene, 1-methylnaphtlalene, 2-methyl-
naphtlalene, Acenaphthylene, Acenaphthene, Fluorene, 
Anthracene, Phenanthrene, Fluoranthene, Pyrene, Benzo 
(a) anthracene, Chrysene, Benzo(b) fluranthene, Benzo(k) 
fluranthene, Benzo(a) pyrene, Dibenzo(a,h)anthracene, 
Indeno(1,2,3-cd)pyrene,  Benzo (ghi) perylene). For chlo-
rinated organic compounds analysis, 1-L of wastewater 
sample were liquid-liquid extracted using n-hexane and 
cleaned-up through silica gel chromatographic column 
prior to analysed by gas chromatography coupled to elec-
tron capture detector (GC-ECD) for detection chlorinated 
pesticides (Organochlorine pesticides ,OCPs) and Poly-
chlorinated biphenyls (PCBs).  Hewlett Packard HP 6890 
series with Electron Capture Detector (ECD) was used to 
identify and quantify OCPs and PCBs. The capillary co-
lumn HP-1 (30m x 0.53 mm ID, 0.5 um film thickness) was 
used. Carrier and make-up gas was nitrogen (99.999 % 
purity). GC system was calibrated with PCBs standard 
contained 12 PCBs congener (18, 28, 31, 44, 52, 101, 118, 
138, 149, 153, 180 and 194) and pesticides standard con-
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tained 17 OCPs (α-HCH, β -HCH, γ-HCH, γ-HCH, Hepta-
chlor, Aldrin, Heptachlor epioxide, Endosulfan I, P-P-DDE, 
Dieldrin, Endrin, P-P- DDD, Endosulfan II, P-P-DDT, Endrin 
aldehyde, Endosulfan sulfate and Methoxychlor).
3. RESULTS AND DISCUSSION
3.1. PAHs Concentration At Various Stages Of WWTP
The concentration of poly aromatic hydrocarbon (PAHs) 
in wastewater at various stages of WWTP is presented in 
table (1), the total concentration of PAHs in raw sample is 
ranged from 54.14 to 6813.6 µg/l with mean concentra-
tion 2800.44 µg/l, that was much higher than findings by 
Pham and Proulx [5] (1.6 – 3.5 µg/l) and Paxéus et al [4] 
(0.1 – 0.5 µg/l), because the industrial wastewater repre-
sents about 60 – 80 % of wastewater influent of WWTP. 
The most abundant PAHs compounds in raw samples are 
naphthalene and its derivates such as1-methylnaphtla-
lene and 2-methylnaphtlalene with mean concentration 
143.6, 21.03 and 21.03 µg/l respectively that is greater 
than that reported by Pham and Proulx [5] and .also Fluo-
ranthene was detected in raw with higher concentration 
(2074.55µg/l) than that determined by Paxéus et al [4] and 
Pham and Proulx [5]. Pyrene and Benzo (a) anthracene 
were detected in raw samples with higher concentration 
47.88 and 28.62 µg/l respectively.
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Fig (2) the removal of PAHs in Primary, secondary and total treatment
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Fig (3) the removal of OCPs in Primary, secondary and total treatment
In PSE, the concentration of PAHs ranged from 34.79 to 
1441.82 µg/l with mean concentration 671.73 µg/l that 
is so much higher reported by Badawy [6] (9.8 µg/l). The 
most abundant detectable PAHs are seemed like to raw 
samples.
In FE, Σ18 PAHs concentration has range from 17.66 
to 677.47 µg/l, with mean concentration 322.8 µg/l that 
is higher than literature values that reported by previous 
investigator [4-6] depending on influent concentration le-
vels. The most frequent PAHs are naphthalene with mean 
value 19.78 µg/l.
3.2. Organochlorines (OCPs) Concentrations at Va-
rious Stages of WWTP
The concentration of OCPs in wastewater samples is 
presented in table (2); the total concentration of OCPs in 
raw samples is ranged from 2.02 to 27.64 µg/l with mean 
concentration 16.48 µg/l, which is higher than reported 
by  Katsoyiannis and Samara [13,14].The most abundant 
OCPs are HCHs isomer; α-HCH , β-HCH, γ-HCH, δ-HCH 
,Heptachlor ,Aldrin, Endosulfan I and Ensulfan sulfate 
with mean concentration 2398.4,5538.74,6223.63,4779.
57,1087.08,754.94,926.82 and 680.65 ng/l respectively . 
p-p-DDT and it metabolites p-p-DDE and p-p-DDD were 
detected in all raw samples at concentration which ran-
ged 1.4 – 126.43 , 51.52 -680.21 and 117.85 – 400.54 ng/l 
respectively.
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In PSE, the total OCPs concentration varied 1.52 x 103-
16.59 x 103 ng\l with average 9.24 x 103ng\l that is greater 
determined [6-8],   the occurrence of OCPs was in general 
similar to that in raw samples while HCBs isomer, Hepta-
chlor, aldrin, Endosulfan I and Ensulfan sulfate were the 
most abundant OCPs. Also DDT and it metabolites were 
detected in all PSE samples.
In FE samples, the most frequent OCPs are β-HCB, p-p-
DDE, Dieldrin, Endrin while they were detected in all FE 
samples. ∑OCPs exhibited an average value of 5200 ng\l. 
Literature values of ∑OCPs in secondarily treated was-
tewaters vary largely (from 6.1 up to 80.04 ng\l) depending 
on influent concentration levels [6-8]. 
3.3. Polychlorinated Biphenyls (PCBs) at Various Sta-
ges of WWTP
The concentration of PCBs in wastewater samples is pre-
sented in table (3); 12 PCBs were detected in raw samples. 
The total concentration of PCBs in raw samples is ranged 
from 12.12 to 51.81 µg/l with mean concentration 26.69 
µg/l, which is higher than measured  by previous authors 
[5,7,8,9].The most  frequent PCBs are PCB-18, PCB- 52 
,PCB-149,PCB-118, PCB-153,PCB-138 and PCB-180. 
While they were detected in all raw samples but the most 
abundant PCBs in raw are PCB-18, PCB-31,PCB-28 
PCB-52, PCB-44 ,PCB-149 and PCB-138 with mean con-
centration 5081.73, 3109.86, 1643.13, 4613.91, 4631.17, 
1846.75 and 1754.50 ng/l, respectively.
Table [2] Organochlorine (OCPs) concentrations along the treatment process in 10th of Ramadan WWTP (ng/l)
Compound
Raw PSE FE
Max Min Mean ± SD Max Min Mean ± SD Max Min Mean ± SD
α-HCB 9593.58 N.D 2398.40 ± 4796.8 5732.94 N.D 1433.24 ± 2866.5 2536.3 N.D 634.08 ± 1268.2
β-HCB 13448.2 365.82 5538.74 ± 5425 7103.08 180.26 2658.06 ± 3243.4 5052.4 101.76
1580.72 ± 
2342.1
γ-HCB 12935.7 N.D 6223.63 ± 5899.3 10398.4 N.D 4530.85 ± 4852.2 9183.55 N.D
3937.68 ± 
4436.3
δ-HCB 12470.4 N.D 4779.57 ± 1896.3 9892.83 N.D 2425.94 ±1285.02 7441.17 N.D
1684.93 
±12454.9
Heptachlor 5422.73 N.D 1087.08 ± 2423.7 5097.83 N.D 1021.27 ± 2278.9 1638.49 N.D 327.93 ± 732.6
Aldrin 3587.47 N.D 754.94 ± 212.6 2895.45 N.D 588.32 ± 54.83 1368.52 N.D 279.18 ± 53.1
Heptachlor-
epoxide 511.1 N.D 136.90 ± 1584.5 131.36 N.D 71.31 ± 1289.8 130.67 N.D 37.93 ± 609.01
Endosulfan I 3580 18.1 926.82 ± 1514.5 2437.44 15.5 641.57 ± 1031.6 1283.57 N.D 322.88 ± 548.6
p-p-DDE 630.81 51.52 270.04 ± 283.5 514.06 42.52 188.57 ± 202.6 199.09 29.5 80.79 ± 75.1
Dieldrin 190.68 20.1 90.94 ± 62.3 87.73 13.94 51.33 ± 26.12 36.08 10.42 20.86 ± 9.5
Endrin 1552.51 95.56 578.69 ± 580.6 762.38 27.9 316.41 ± 287.8 396.4 18.25 187.91 ± 152.3
p-p-DDD 400.54 117.58 227.36 ± 116.02 163.28 60.65 116.90 ± 72.5 281.37 94.7 156.08 ± 37.5
Endosulfan II 682.69 15.79 268.07 ± 263.8 413.99 10.7 178.86 ± 168.6 243.84 3.65 109.35 ± 101.2
p-p-DDT 126.43 1.4 31.97 ± 53.6 111.67 1.35 25.80 ± 48.13 29.22 N.D 6.82 ± 12.7
Endrin aldehyde 858.87 6.65 352.62 ± 321 657.48 6.3 277.05 ± 254.44 523.75 N.D 185.03 ± 206.6
Endosulfan 
sulphate 2462.67 10.5 680.65 ± 1026.9 1557.48 10.01 461.99 ± 641.5 811.69 N.D 261.07 ± 328.7
Methoxy Chlor 276.24 9 135.02 ± 98.5 257.39 8.85 116.35 ± 93 114.72 N.D 64.86 ± 47.33
∑OCPs 27640 2020 16480 ±  10920 16590 1520 9240 ±  5400 8750 610 5200 ± 2920
Results presented as Mean ± SD and confidence intervals and calculated for 10 samples
In PSE, the total PCBs concentration varied 10250-21750 
ng/l with average 17520 ng/l. These values are greater de-
termined previously [5-11], the occurrence of PCBs was in 
general similar to that in raw samples while PCB-52, PCB-
149, PCB-118, PCB-153, PCB-138 and PCB-180 were the 
most abundant PCBs.
 In FE samples, ∑PCBs has an average value of 5630 ng\l. 
Literature values of ∑PCBs in secondarily treated was-
tewaters vary largely (from 6 up to 390 ng\l) depending on 
influent concentration [5-11]. The concentration of PCBs 
in all wastewater is higher than literature values because 
60-80 % of wastewater enter WWTP was industrial was-
tewater.  
3.4. The Removal of Persistent Organic Pollutants du-
ring Various Wastewater Treatment Processes
The removal percent (R %) of organic pollutants were cal-
culated using the general following formula
R % = ((Cinf - Ceff)*100)/ Cinf
Where Cinf  is the concentration of pollutant in influent and 
Ceff  is the concentration of pollutant effluent of individual 
treatment stage or the whole treatment process respecti-
vely. 
3.4.1 The efficiency removal of PAHs during treatment
The mean removal rate of individual PAHs varied from 37 
% to 77 % in primary treatment (sedimentation) as shown 
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Fig (4) the removal of PCBs in Primary, secondary and total treatment
Table [3] Table PCBs concentrations along treatment processes of 10th of Ramadan WWTP (ng/l)
 
Compound Raw PSE FE
Max Min Mean± SD Max Min
Mean
± SD Max Min
Mean
± SD
PCB-18 7432.04 2959.77 5081.73 ± 1897.6 6376.16 1903.97 4080.15 ± 2099.5 3571.77 873.88 2193.62 ± 1112.03
PCB-31 5301.55 N.D 3109.86 ± 2831.3 4628.47 N.D 2318.12 ± 2162.97 2618.22 N.D 749.49 ± 1111.95
PCB-28 4501 N.D 1643.13 ± 1993.7 3916.45 N.D 1410.36 ± 1809 1573.17 N.D 541.66 ± 691.04
PCB-52 7320.2 552.57 4613.91 ± 261.1 6324.9 537.4 4104.51 ± 2393.8 4280.68 352.59 2748.14 ± 1519.4
PCB-44 8994.48 N.D 4631.17 ± 4044.3 6791.9 N.D 3034.27 ± 3612.7 5002.61 N.D 1795.75 ± 1906.3
PCB-101 1837.29 N.D 611.51 ± 763.5 1518.6 N.D 477.35 ± 628.97 937.84 N.D 297.23 ± 389.3
PCB-149 7213.2 34.56 1846.75 ± 3061.5 2563.29 24.56 862.68 ± 1096.95 1202.68 N.D 484.78 ± 583.6
PCB-118 1257.46 44.46 428.81 ± 480.9 999.2 35.21 336.20 ± 384.8 789.96 5.09 222.60 ± 321.4
PCB-153 3320.57 70.25 1400.48 ± 1317.5 1756.37 50.36 920.74 ± 779.3 665.14 28.64 389.20 ± 313.01
PCB-138 6397.64 240.38 1754.50 ± 2637.2 5706.64 89.79 1485.93 ± 2390 821.09 18.66 390.37 ± 345
PCB-180 2179.13 147.64 734.33 ± 829.4 1838.31 116.48 595.62 ± 709.6 546.88 44.44 268.27 ± 217.9
PCB-194 996.19 N.D 318.66 ± 421.7 887.92 N.D 255.17 ± 376.7 183.68 N.D 75.16 ± 94.4
∑PCBs 51810 12210 26690 ± 15150 21750 10250 17520 ± 5010 10790 5630 8170 ±  2400
Results presented as Mean ± SD and confidence intervals and calculated for 10 samples, results expressed in ng/L
in Fig (2) dependant on the hydrophobicity of compounds, 
sorptive behaviour [12-15] and the influent concentration 
.suggesting that PAHs were removed by adsorption on 
sludge particles, while their percent removal in secondary 
treatment ranged from 36.5 to 89.96 as shown in Fig (2)  , 
the removal of PAHs in secondary treatment depends on 
biotransformation , biodegrading and adsorption . The to-
tal removal of PAHs in the overall  treatment ranged from 
64  % to 97 % as shown in Fig (2)  that is comparable to 
the range (40 to 98) reported by Pham and Proulex [5] in 
Montreal  wastewater treatment plant.
3.4.2 The efficiency removal of OCPs during various 
treatment stages
The removal percents of OCPs during different treatment 
processes were presented in fig (4), the primary removal 
of OCPs compounds exhibited a lower value (6 – 47) that 
lower than literature removal rates [6-8]. It emphasized that 
OCPs cannot be removed only to adsorption but other me-
chanism. Secondary removal of individual OCPs ranged 
from 20 to 73 % that OCPs can be removed via biodegra-
dation. The variation of removal rates of individual OCPs 
was observed because the variation of their concentration 
in raw samples [7-8]. The removal rate of DDT is the hig-
hest one among other OCPs, but the corresponding remo-
val rate of DDT metabolites was low. This suggested that 
DDT may be biodegraded into DDD or DDE [6]. Also, the 
total removal of OCPs varied from 31 to 79 % that wasn’t 
agreed with ranges reported by many authors [6-8].  
3.4.3 The efficiency removal of PCBs during treatment 
The average removal percents of PCBs congeners were 
presented in fig (5), as shown each PCBs removal rate in 
primary treatment varied from 11 to 53 % that less than 
reported by many authors through primary treatment [5-
8], but removal efficiency of PCBs in secondary treatment 
was increased because PCBs undergo degradation by 
biological treatment, it ranged from 33 to 74 %, Thus in 
good accordance with the value of 77 % assessed pre-
viously [7-8] and value of 75 %. [6]. Total removal efficiency 
of PCBs was in good agreement with literature values [7-
8]. Inspite of removal efficiency of treatment for PCBs see-
med to be good, high concentration from banned PCBs 
still present in final effluent.
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4. CONCLUSION
The occurrence of POPs; PAHs, OCPs and PCBs were 
analyzed and demonstrated at different stage WWTP of 
10th of Ramadan that receives mainly industrial was-
tewater and domestic wastewater. In case of PAHs, 
Although Fluoranthene was detected in high levels in va-
rious treatment steps, five membered-rings PAHs were not 
detected in all wastewater samples. DDT was detected in 
all raw samples and in about 55 % of final effluent. Also, 
HCHs isomers were detected in high concentration in final 
effluent. Most frequent and abundant PCBs in seconda-
rily treated wastewater were PCB-18 and PCB-52. The 
efficiency of WWTP for removal of POPs was 85 %, 67% 
and 64 for PAHs, OCPs and PCBs respectively. Despite 
of high reduction load of organic micropollutants asses-
sed in present study, WWTPs remain important sources 
of hazardous and toxic pollutants to aquatic environment 
thus it is necessary for controlling the effluent of WWTPs. 
The impact of discharged effluent to aquatic environment 
will have to be evaluated; the effects of over load flow on 
the efficiency of WWTP of 10th of Ramadan will need to 
be assessed.
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